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Carbonyl, non-carbonyl neutral and basic fractions obtained from commercial aqeuous 

smoke condensates were separated by GC and/or silica gel column chromatography.

Ninety-eight constituents were identified (thirty-one compounds were not previously 

reported in smoke condensate) and twenty-two were tentatively identified on the basis of tR

 of GC, IR, MS (GC-MS) and NMR data.

The yields of all the smoky aroma constituents (four aliphatic alcohols, five aliphatic 

ketoalcohols, six aliphatic ketones, twenty cyclic monoketones, three cyclic diketones, ten

 acids, two esters, twelve lactones, nine furan derivatives, six N-compounds, four aromatic 

hydrocarbons, two aromatic alcohols, nine aromatic carbonyls, twenty-four phenols and 

 phenol ethers and five pyrocatechols) detected in commercial wood vinegar were estimated.

In a previous paper,1) it was concluded that 

the characteristic smoky odor was largely 

due to the phenolic fraction, consisting of phe

nolic and dicarbonyl compounds, and that 

the monocarbonyl and noncarbonyl neutral 

fractions as well as the basic fraction, having 

burnt or fragrant sweet aromas, might modify 

the monotonous smoky aroma of the phenolic 

fraction.

Though most aroma constituents in the 

phenolic fraction have been identified, those in 

carbonyl, non-carbonyl neutral and basic 

fractions have not been completely investi

gated. Therefore, the authors investigated 

aroma compounds in these three fractions.

EXPERIMENTAL

Carbonyl, noncarbonyl neutral and basic fractions 

used in this investigation were prepared by the methods 

described in the previous paper. Equipment and 

procedures used for the isolation and identification of 

compounds were also the same as described in the 

previous paper. In this paper, if necessary, some 

peaks were isolated by repeated preparative GC using 

a column (3mm•~3m) packed with 20% carbowax

 20M or subjected to GC-MS, using a column (3mm

•~ 3m) packed with 10% SE 30 coated on Diasolid L 

(60 80mesh). IR spectra were recorded on a Japan 

Spectroscopic Model IRA-1 Grating Infrared Spec

trophotometer. Identification of compounds was 

carried out by coincidence of IR, MS and NMR as 

well as gas chromatographic data with those of authen

tic samples or with those reported in the literature. 

When the amount of sample in each peak was too small, 

identification was made on the basis of mixtures without 

further isolation.

Separation of the volatile compounds of non-carbonyl 

neutral fraction by silica gel column chromatography

A concentrate of the volatile compounds of the 

noncarbonyl neutral fraction was subjected to silica 

gel column chromatography using hexane and ether as 

developing solvents, as shown in Table I.

TABLE 1. SOLVENT SYSTEM USED FOR SILICA GEL

 COLUMN CHROMATOGRAPHY AND YIELDS OF 

EACH FRACTION

•õ Studies on Smoke Flavor. Part II. This report 

was presented at the annual meeting of the Agricultural 

Chemical Society of Japan, Apr. 2, 1972.

a

) Not entirely solvent-free .
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RESULTS AND DISCUSSION

Carbonyl fraction
A gas chromatogram of the carbonyl frac

tion is shown in Fig. 1. Peaks on a rechro
matogram obtained using SE 30 were number
ed -1, -2 etc. Peaks No. 16, 17, 19, 20, 
etc. consisted of more than two compounds.

 NMR data with those standard samples* 

(3-methylcyclopentenone, 3-propyl and 2,3-

dimethyl) or with reported data (unsubsti-

tuted, 2-methyl, 2-ethyl-3-methyl), for instance; 

IR (vc=cm-1: homologue with no substituent. 

(1580, weak), 2-substituted derivatives (1640, 

weak), 3- (1620, strong) and 2,3- (1640, very 

strong)), NMR (ƒÂ_??_, : ppm 2-CH3 (2.1- 2.0), 

3-CH, (1.8•`1.6), 2=CH (3.94), 3=CH (2.5-

FIG. 1. Gas Chromatogram of the Carbonyl Fraction Obtained by GC-MS.

Column temp.: 70•¨190•Ž (2•Ž/min).

Carrier gas: He, 1.0kg/cm3.

11) cyclopentanone, 15) cyclohexanone, 17-1) 2-cyclopentenone, 18) 2-methyl-2-cyclopentenone, 

19) furfural, acetolacetate, 20-1) 2-acetylfuran, 22) 3-methyl-2-cyclopentenone, 23) 2,3-dimethyl-

2-cyclopentenone, 25) 5-methylfurfural.

Peak 12 was identified as methylcyclopen

tanone on the basis of the following data; 

IRƒË_??_cm-1: 1700 (C=0)), MS (m/e: 98 

M+)), NMR ƒÂ_??_ppm: 1.15 (3H, d, CH3), 

2.10 (6H, 3CH2)), but the position of the 

methyl group was not determined.

Peaks 16-1, -2, 17-2, 19-2-4, 20-2, -3, 

23-4, 17 and 28 were suggested to be 2-

cyclopentenone homologues, because they 

showed the same MS fragmentation patterns 

(M+-15, M+-28, M+-29, M+-43) and charac

teristic absorptions (ƒË_??_cm-1: 1700•`1720 

(C=0), 1580•`1640 (C=C)) in the IR, corre

sponding to ƒ¿,ƒÀ-unsaturated 5-membered 

cyclic ketones. It is known that both the 

intensity and position of absorption bands 

due to stretching vibrations of double bonds 

are specifically influenced by the location of 

substituents, but are only slightly influenced 

by their type.2•`3) The 2-cyclopentenone 

homologues listed in Table II were identified 

by comparison of their tk of GC, IR, MS or

 3.0)).

The other carbonyl constituents were iden

tified as shown in Table III.

Peaks 23-2, 26, 29 and 51-3 were identi

fied as benzaldehyde, 5-methyl-2-acetylfuran
, 

acetophenone and 1-indanone
, respectively, 

by coincidence of their IR, MS and NMR 

data with those of authentic samples .

Peaks 32 and 35, which had the same mole

cular weight (MSm/e: 134 (M+))
, were iden

tified as m-methyl and p-methyl acetophenone 

by coincidence of IR data with the published 

values.4)

Peaks 48, 50, 54, 55 and 56 gave the same 

parent peak in MS (m/e: 146 (M+)) and IR 

spectra similar to 1-indanone . On the basis 

of tg of GC, MS or IR, NMR data
, peaks 48, 

50 and 54 were identified as 2-methyl
,•– 3-

methyl* and 6-methyl-l-indanone
, respec

tively, but 55 and 56 could not be identified

* These synthetic samples were prese
nted by Mr. 

H. Shigematsu.
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TABLE II. IR, MS AND NMR DATA FOR 2-CYCLOPENTENONES

a) Positions of the substituents were not definitely determined.

b) The retention times were measured under the following conditions: Column temp., 70•`200•Ž

 (2•Ž/min); carrier gas, He; flow rate, 30ml/min.

because the amounts present were insufficient.

Peaks 46, 51-1 and 51-2 appeared to be 

nitrogen-containing compounds because of 

their parent ion peaks and the abundance of 

even mass number fragments in MS. Peak 

46, which showed the presence of m/e 94 (M+-

CH,) and 66 (M+-COCH3), was identified as 

ƒ¿-methylpyrrylketone by coincidence of the 

IR with published references. Peaks 51-1 

and 51-2 were identified as ƒ¿-formylpyrrole 

and ethylpyrrylketone by coincidence of the 

MS spectra with reported data.5)

Non-carbonyl neutral fraction
Non-carbonyl neutral fraction obtained 

from a mixture of six types of wood was 

separated into seven fractions by silica gel 
column chromatography. Though all the 
fractions were analysed by GC-MS, fraction 1, 
which had a petroleum-like odor and was 

present in only a small amount, was not in-
vestigated. Peaks 29, 34, 44, 47, 48 and 49 

were well separated. All the compounds in 
fractions II and VI were found in the other
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FIG. 2. Gas Chromatograms of the Non-carbonyl 

Neutral Fraction (A, the whole; B, fraction III; C, 

fraction IV; D, fraction V; E, fraction VII) Separated 

by Silica Gel Column Chromatography.

Column temp.: 70•¨200•Ž (2•Ž/min).

Carrier gas: N2, 30ml/min.

2) 2-butanone, 3) methylpropionate, 10) ethylbenzene, 

11) p-xylene, 12) m-xylene, 16) o-xylene, 15) 3-pen-

tanone 18-1) n-amylalcohol, 22) cyclohexanone, 23) 

2,5-dimethyl-2-cyclopentenone, 24) 2,4-dimethyl-2-

cyclopentenone, 25) 2-methyl-2-cyclopentenone, 26-

27) 2-ethyl-5-methyl -2-cyclopentenone, 2- ethyl -4-

methyl-2-cyclopentenone, 28-1) furfural, 29-1) 2-

ethyl-2-cyclopentenone, 29-2) 3,5-dimethyl-2-cyclo-

pentenone, 31) 2-acetylfuran, 3,4-dimethyl-2-cyclo-

pentenone, 33-1) 3-methyl-2-cyclopentenone, 33-2) 

2,3,4-(or 5-)trimethyl-2-cyclopentenone, 34-1) 2,3-

dimethyl-2-cyclopentenone, 34-2) 5-methyl-2-furfural, 

34-3) 2-methylfuroate, 35-1) 5-methyl-2-acetylfuran, 

38) 3-ethyl-2-cyclopentenone, 43) 1,2-dimethoxyben-

zene, 47-3) 1,2-dimethoxy-4-methylbenzene, 51-3) 

1,2-dimethoxy-4-ethylbenzene, 51-2) 2,6-xylenol, 54) 

4-methylguaiacol, 56)p-cresol, 57) 4-ethylguaiacol, 58) 

m- and p-cresol, 59) 2,4-xylenol, 60) 4-propylguaiacol, 

61) 2,3-xylenol, 62) 3,5-xylenol, 63) 4-vinylguaiacol, 

eugenol, 64) 3,4-xylenol, 2,3,5-trimethylphenol, 65) 3-

ethyl-5-methylphenol, cis-isoeugenol.

fractions.

dentification of peaks 18, 39, 44-1•`3, 47-

3, 48-1, 49-1 -3 and 51-1, -3 was achieved 

as shown in Table IV.

Peak 18 was identified as furfurylmethyl-

ether by coincidence of the MS° and on the 

basis of NMR data.

Peaks 39, 44-1, 44-3, 49-2 and 48-1 were 

suggested to be 2-substituted 2-butenolide 

homologues since they showed two common 

absorptions at 1660 (C=C) and 1750•`60 

(0-C=O) without splitting caused by Fermi 

resonance in the IR. Both peaks 44-1, 

and 49-2 showed the same parent ion (m/e 

124) and a common fragmentation pattern 

(m/e: 96, 82, 40, 39), but the stability of the 

parent ion peak was higher in peak 44-1 than 

in 49-2. Peak 44-1 was identified as 4-

ethylidene-2-methyl-2- butenolide (4-hydroxy-2-

methyl-hexa-2,4-dienoic acid )-lactone) by 

comparison of the NMR data (61114,: 1.95 

(3H, s, =C-CH3,), 1.92 (3H, d, J=7.5Hz, 
=C-CH3,)

, 4.99 (1H, q, J=7.5Hz, =CH-Me)) 

with those of 2-butenolide. As peak 49-2 

showed the presence of a vinyl group in its 

IR spectrum (990, 910 cm-1), it was assumed 

to be methylvinyl-2-butenolide. Similarly, 

peaks 44-2 and 44-3, which showed the same 

parent peak at m/e 126 on their MS spectra, 

were identified as 2-ethyl-4-methyl-2-buteno-

lide and 4-ethyl-2-methyl-2-butenolide, res-

pectively, on the basis of their NMR data; 

44-2 (1.38 (3H, d, J=7Hz, CH3,), 1 .05 (3H, 

t, J=7.5Hz, CH3,), 2.25 (2H, q , J=7.5, 
-CH2-Me)

, 4.8 (1H, -O-CH), 6.95 (1H,
=CH))

, 44.3 (1.86 (3H,=C-CH3,), 1.0 (3H, t, 

J=7.5 CH3), 1.68 (2H, m, -CH2-Me), 4.72 

(IH, CH), 6.94 (IH, =CH)). The latter as

signment was supported by agreement of the 

IR values with reported data .3' Peak 39 was 

identified as 2,4-dimethyl-2-butenolide on the 

basis of its IR, MS and NMR data: MS (m/e: 

112 (M+)), NMR ƒÂ_??_
,: 1.43 (3H, d, J=

7, CH3,), 1.87 (3H, =C-CH3,), 4.8 (1H , m, CH), 

6.85 (1H, m, =CH)). Peak 48-1 , which gave 

a parent peak at m/e 126, was identified as 

2,3,4-trimethyl-2-butenolide because the IR 

spectrum agreed with reported data .7) Though
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TABLE III. IR, MS AND NMR DATA FOR OTHER CARBONYL COMPOUNDS

peaks 47-1, 47-2, 48-2 and 52 were suggested 
to be lactones by MS data (47-1: 112 (M+), 
47-2: 140 (M+), 48-2: 140 (M+), 52: 140 

(M+)), they were not identified because they 
were present in such small amounts.

Peaks 47-3 and 51-3 were identified as 4-
methyl- and 4-ethyl-l,2-dimethoxybenzene by 
comparison of tR of GC, IR and MS spectra 
with reported data.8) They had been obtained 
from pyrolysis products of wood.

Peaks 49-1 and 51-1 were identified as 
benzylalcohol and phenylethylalcohol by the 
same methods as peak 47-3.

Peaks 51 through 66 were identified as main-
ly phenolic compounds by GC-MS. Peak 
49-3 was tentatively identified as 3-or 6-

 methylguaiacol on the basis of the following 

data; MS (nti/e: 138 (M+)), IR ƒË_??_cm-1: 

benzene ring (1628, 1490, 1485), 1,2,3-sub-

stituted (765, 730), OH (1220)), NMR (o: 

2.25 (3H, s, Ar-CH3), 3.75 (3H, s, OCH3), 

6.56 (2H), 6.88 (1H)).

Basic fraction

A gas chromatogram of the basic fraction 

obtained from oak A* is shown in Fig. 3.

Peaks 15, 20 and 21-3 were identified as 

pyrazine, 2-methyl, and 2,5- (or 2,6-)dimethyl-

pyrazine, respectively, by comparison of their 

tR of GC and MS data with those of authentic

* Quercus serrata .
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FIG. 3. Gas Chromatogram of the Basic Fraction Obtained from Nara.

Column temp.: 70•¨180•Ž (2•Ž/min).

Carrier gas: N2 30ml/min.

1) acetone, methanol, 2) ethanol, 3) 2-butanone, 4) 2-pentanone, 5) diacetyl, propanol, 11) 

allylalcohol, 12) allylmethylketone, 14) cyclopentanone, 19) acetoin, 21) acetol, pentan-3-on-2-ol, 

22) 2-cyclopentenone, butan-2-on-1-ol, 2-methyl-2-cyclopentenone, 26) furfural 28) 2-acetylfuran, 

29) 2,4-hexadione, 30) 3-methyl-2-cyclopentenone, 31) 2,3-dimethyl-2-cyclopentenone, 32) 5-methyl-

2-furfural, 33) 5-methyl-2-acetylfuran, 36) 2,4-dimethyl-2-butenolide, 37) ƒÁ-butyrolactone, 38) ƒÀ-

angel icalactone, 42-2) guaiacol, 47) 4-methylguaiacol, 48) phenol.

TABLE IV. 1R, MS AND NMR DATA FOR AROMA CONSTITUENTS OBTAINED FROM

 THE NON-CARBONYL NEUTRAL FRACTION
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TABLE V. IR, MS AND NMR DATA FOR AROMA CONSTITUENTS OBTAINED FROM

 THE BASIC FRACTION

TABLE VI. FLAVOR CONSTITUENTS IN WOOD VINEGAR LIQUOR 

OBTAINED FROM OAK A°a)
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a) Quercus serrata .
b) These compounds were tentatively identified .
c) These compounds were not previously reported in smoke condensate.

samples.

Peak 25 was identified as propan-2-on-1-ol 

on the basis of MS and NMR data.

Peaks 39, 42-1, 43 and 44 were suggested 

to be 2-butenolides by their IR spectra which 

were similar to that of 2,4-dimethyl-2-buteno-

lide. Peak 39 was identified as 2-methyl-2-

butenolide on the basis of MS (m/e: 98 (M+)) 

and NMR (ƒÂ: 1.92 (3H, CH3,), 4.68 (2H, 

CH2,), 7.05 (1H, =CH)). Peaks 42-1 and 43 

were identified as 3,4-dimethyl and 2,3-di-

methyl-2-butenolide, respectively, by coin-

cidence of their IR and MS with reported 

values.

7) Peak 12 was identified as 2-methyltetrahyd-

rofuran-3-one from MS and IR data. Peak 

22-4 was tentatively identified as 2-acetyl-

tetrahydrofuran-3-one by coincidence of the 

MS spectrum with reported data.

6) Most alkyl amines, aldehydes, ketones and 

alcohols etc. with low boiling points might be 

lost during the preparation of flavor concen

trates. As important flavor constituents were 

thought to be higher boiling point compounds 

rather than lower boiling ones, the latter was 

not considered in detail in our study.

All the flavor constituents found in com-

mercial wood vinegar obtained from oak A 

are shown in Table VI. Approximate am-

ounts were estimated by the same methods 

described in the previous paper. When a

 certain flavor constituent was detected in more 

than two fractions, however, yields indicate 

the total amount of the aroma constituent in 

each fraction. The identity of more than 90 

of the flavor constituents in smoke condensate 

has been confirmed or tentatively identified in 

this paper. Furfural, 5-methylfurfural, 2-

cyclopentenone, 2-methyl-2- cyclopentenone, 

guaiacol, 4-methylguaiacol, phenol, o-cresol, as 
well as acetic, propionic and n-butyric acids 

were the main components. Except for phe-

nolic compounds, the more important flavor 

constituents seemed to be carbonyls and lac-

tones with higher boiling points . Many alkyl-
substituted 1,2-cyclopentadione and 2-bute-

nolide homologues have sweet burnt or cara

mel-like odors, and may contribute con

siderably to an acceptable smoke flavor . The 
burnt odor in the whole smoky flavor was 

mainly presented by 2-butenolide derivatives . 
Furfural, 5-methylfurfural , 2-acetylfuran and 
acetophenone have sweet fragrant floral aro-

mas, and they seemed to contribute to a 

partial softening of the heavy smoky aromas 
of phenolic compounds . Many 2-cyclo-

pentenone derivatives were present in smoke 
condensate, but many of them have a bitter 

taste and odor with grassiness . Their effect 
on the smoke flavor was not significant . 
Most smoke flavor constituents found by 

Fiddler et al.9) in a liquid smoke solution were
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also detected in the wood vinegar.

Most of the phenolic compounds observed 

are considered to be produced by the pyrolysis 

of lignin in wood. Similarly, many cyclo-

pentadiones, carbonyls, lactones, ketoalcohols 

and acids, some of which have been observed 

in pyrolysis products of carbohydrates, seem 

to be generated from cellulose (40•`60%) and 

hemicellulose (15•`30%) in wood.
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